Previous investigations have shown that genes controlling products which cause stimulation in the mixed lymphocyte reaction (MLR) 1 map in a number of different regions of the H-2 gene complex (1, 2). The strongest MLR stimulation has been seen with I region differences. Specific loci controlling lymphocyte-activating determinants (Lad) were previously identified in the I-A and I-C subregions (3). Since then, two new I subregions, I-J and I-E, have been identified (4-6). (7) showed that T cells could also stimulate an MLR response. Since I-J gene products have been shown to be expressed only on T cells (5), the expression of MLR-stimulating determinants on T cells was examined in these experiments by using nylon wool purification of stimulating and responding cells. Through these approaches, we have been able to demonstrate significant MLR stimulation by T cells differing only in the I-J subregion. Our data suggest that the stimulating T cells may also express products of the I-E/I-C subregion.
. Elimination of macrophages was carried out by a modification of the method previously described by Sher and Glover (9) . Briefly, 0.4 g of carbonyl iron (General Aniline & Film Corp., Linden, N. J.) was mixed with 2 x 106 nylon wool-purified T cells in Hanks' Balanced Salt Solution (HBSS). After a 20-min incubation at 37°C with shaking, carbonyl iron-phagocytized cells were removed with a strong magnet.
Antiserum Treatment of Cells. Lymph node cells (5 x 107) were reacted with anti-Thy-l.2 serum (provided by the Transplantation Immunology Branch, National Institute of Allergy and Infectious Diseases, Bethesda, Md.) or rabbit anti-mouse gamma globulin serum (Microbiological Associates, Bethesda, Md.) at a final concentration of 10% antiserum in 5% fetal calf serumcontaining RPMI 1640 medium or in 0.01 M borate buffer (pH 8.0) in a 1-ml volume. After 30 min at 37°C, the cells were washed twice with HBSS. Agarose EDTA-absorbed undiluted rabbit complement was added and the mixture was incubated for an additional 90 rain at 37°C, in a humidified atmosphere containing 5% carbon dioxide.
MLR Assay. The medium employed in this assay consisted of Hepes-buffered (30 raM) RPMI 1640, supplemented with L-glutamine (20 mM), antibiotics (penicillin, 100 IU/ml; streptomycin, 100 ~g/ml), 2-mercaptoethanol (30 ~M), and 5% heat-inactivated human plasma. 7 x 105 viable responder cells were cultured with 1.4 x 106 mitomycin-C-treated stimulator cells (10) in 0.2 ml of medium in microculture plates (Falcon 3040, Falcon Plastics, Div. of BioQuest, Oxnard, Calif.). Incubation was performed at 37°C in a 5% carbon dioxide, 95% air, humidified atmosphere for 72 h. 2 ~Ci of [3H]thymidine (sp act 1.9 Ci/mmol, New England Nuclear, Boston, Mass.) was then added and the culture was harvested after an additional 16 h.
Inhibition of MLR. MLR assays were done by the technique described above, except that
human plasma was employed in the culture medium at a final concentration of 2.5, instead of 5%. 7 x 10 ~ nylon wool-purified responder T cells were cocultured with 1.4 x 106 mitomycin-Ctreated, nylon wool-purified stimulator cells in the presence of 1.25% heat-inactivated alloantiserum, or normal control serum, in a total volume of 200 ~1. Percent inhibition was calculated according to the following formula: Treatment by la-Antisera and Complement. Nylon wool-purified T cells were reacted with antiserum or control normal mouse serum (NMS), at a final concentration of 10%, in RPMI 1640 containing 2.5% heat-inactivated human plasma. After a 30-min incubation at 37°C, the cells were washed and suspended in agarose-and spleen cell-absorbed, EDTA-treated rabbit complement (11) . After a 90-min incubation at 37°C, the dead cells were counted and separated from live cells on a Ficoll-Hypaque gradient. Dead cells in these tests were scored by a dye exclusion test. Only surviving cells, after treatment by antisera and complement (and followed by mitomycin-C treatment), were used as stimulator cells in these MLR tests. Culture media, cell numbers of stimulators and responders, the period of culture, and the method of harvesting, were all the same as those described above. No antisera were added to the media for elimination studies. Percent inhibition was estimated by the formula:
% inhibition = ( 1 -cpm of allogeneic culture of treated cells -cpm syngeneic culture~ cpm of~~cul~e~e : c~ o~ssyn~ge~e -/ x 100.
\ Results
Stimulating Capacity of Lymphoid Organs. Mitomycin-C-treated stimulator cells and untreated responder cells from spleens, lymph nodes, and thymuses, respectively were cocultured. These cells were derived from strains B10.A(3R) and B10.A(5R). As shown in Table I Responders are same ceMs in group 2. ¶ Prepared by t~eatment of group 2 cells with anti-Ig + complement; 95% Thy-l.2 +, 1.5% Ig +.
Responders are same cells in group 2.
indicated that macrophages and B cells are probably not involved in the MLR stimulation in the B10.A(3R)-B10.A(5R) combination, since depletion did not significantly affect the stimulation index.
B10.S(9R) (H-2 t4) and B10.HTT (H-2 ~8)
differ not only in the I-J subregion, but also in the I-C, S, and G regions. However, previous studies have shown that differences between the H-2 k and H-2 d haplotypes in the I-C, S, and G regions do not cause an MLR reaction. In this combination also, the thymus cells do not give an MLR response, whereas the spleen cells and the lymph node cells show a substantial MLR response. Nylon wool-purified T cells gave the strongest MLR response in this combination also, again suggesting that the products of the Lad locus which maps in the I-J subregion are expressed only on T cells.
Inhibition of MLR Response by Anti-Ia Antisera.
Nylon wool-purified T cells of strain B10.A(3R) were cocultured with nylon wool-purified, mytomycin-C treated T cells of strain B10.A(5R) in the presence of various anti-Ia sera (Table III) . The strongest inhibition was observed in the presence of the A.TH 
B10.A(3R) anti-B10.A(5R)
........ The specificity of the inhibition was further tested by using F, stimulator cells (Table V) These results suggest that the stimulation is specific, i.e., that inhibition by anti-Ia sera is directed against the specific MLR-stimulatory molecule and is not due to nonspecific binding or steric hindrance. The second set of/-J-incompatible strains, B10.S(9R) and B10.HTT, was also used in inhibition studies with anti-Ia antisera (Table VI) . The results were again consistent with the interpretation that only antibodies directed against the I-J gene product could inhibit the MLR response in this combination. 
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Inhi (Table VIII) . Discussion Previous analyses of intra-H-2 recombinants in a number of laboratories have mapped several MLR-stimulating Lad loci with the H-2 complex (1, 2) . Recent studies have defined the I-J subregion products as T cell-specific molecules, through detection of/region serological markers on soluble suppressor factors (4) and on suppressor T cells (5) . Our data now demonstrate that genes located in the I-J subregion also specify membrane structures on T cells that are capable of stimulating in the mixed leukocyte reaction. Routine typing for the I-J gene products of all H-2 haplotypes has so far not been possible, due to the rather cumbersome functional assays that have been necessary to detect them. The MLR assay described above offers a more direct and practical approach to the detection of the I-J subregion products and may permit a better characterization of the antigens coded by this region. Of course, at present we can only assume that the MLR is detecting the same I-J gene products that are involved in suppression. Three points argue rather strongly for this assumption: (a) both kinds of molecules are controlled by the I-J subregion; (b) they are expressed primarily or exclusively on T cells; (c) they react with the same panel of anti-I-J sera. However, it must be acknowledged that the evidence is still circumstantial. Further characterization of the molecules involved will be required to establish identity of the suppressor and MLR-stimulating factors.
Considerable variation was seen in the percent of inhibition of MLR obtained when different antisera were added to the cultures. For example, antiserum A.TH anti-A.TL always gave the strongest inhibition, suggesting that it might have the highest titer of anti-I-J antibodies. In several cases, there were suggestions that there might be some weak inhibition directed at the responder cells. Niederhuber et al. (12, 13) have presented data indicating that gene products of the/-J and/or I-E subregions on splenic macrophages are essential to the primary in vitro response to T-dependent antigens. However, the data presented here show no change in the stimulation index when macrophages are eliminated, suggesting that macrophages are not primarily responsible for the MLR reaction among/-J-incompatible strains. Our studies also showed that thymus cells are essentially ineffective in stimulating the MLR in this combination, suggesting a very weak representation of I-J antigens on these cells.
These studies resulted in the interesting finding that the I-J product and the I-E/I-C product seem to be expressed on the same T-cell subpopulation. However, there is no detectable expression of other I subregion products on the MLR-stimulating T cells. (The H-2K and H-2D gene products, as well as the Thy-l.2 antigen are, of course, expressed on these cells.) If these subpopulations of the T cells do in fact represent the suppressor T cells, this may have interesting implications for the roles of these two gene products. The inhibition studies implied that they represent two discrete molecular entities on the cell surface, since the anti-I-E/I-C serum failed to inhibit stimulation when added to the'culture. However, it should be noted that in the combinations employed, there was no incompatibility for the I-E/I-C region. It remains to be determined whether an I-E region difference alone on either B or T cells can stimulate the MLR. Furthermore, it has not yet been established whether or not the relevant I-E/I-C gene product on stimulating T cells is the same antigen detected by cytotoxicity assays on B cells.
The I-J gene is expressed only on T cells, whereas the I-E/I-C products are apparently expressed on both T and B cells. Perhaps the I-J genes of the T cells play a role in the generation of the T-cell suppressor factors, while the I-E/I-C gene products on the same cell could play a role in interaction or recognition between different cell populations. Further characterization of the various functional T-cell populations will be necessary to resolve such questions.
Summary
We have examined the MLR reaction in two sets of recombinants that differ in the I-J subregion. In both cases, significant stimulation was mediated by antigens controlled by genes in the I-J subregion. This stimulation was inhibitable by the addition of the culture of antisera directed against the I-J gene products on the stimulator cell. The specificity of this inhibition was shown by specific blocking of the relevant gene product on F1 hybrid stimulator cells. MLR stimulation was also eliminated by pretreatment of the stimulator population with anti-I-J sera plus complement. Pretreatment of F~ hybrid stimulator T cells with anti-I-J sera directed against either parental I-J product in the presence of complement, completely eliminated stimulation, indicating that there is no allelic exclusion of the relevant I-J products. Pretreatment with an anti-I-E/I-C serum and complement also eliminated stimulation, suggesting that the stimulating T cells express both/-J and I-E/I-C subregion products. This assay offers a potentially more direct and practical method for serological detection of the I-J products.
